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(54) LINER MANUFACTURE METHOD 
(57) Abstract 

FIELD: plastic Aworklng of metals, in particular, cold plastic deformation method. SUBSTANCE: method 
involves manufacturing two parts, pipe and enclosure, from materials with different clastic limit 
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made from metal with lower elastic limit to plastic deformation- EFFECT: increased eOlclency and 
improved quality of liner. 2 dwgs 
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(54)CnOCOB MSrOTOBJIEHMil HEMHEPOB 
(57) Abstract: 

McnQnb30BaHne: o6pa6oTKa weran/ioB AaBncHweM, b uacTHOCTH. o6pa6oTKa mctoaom xonoAHoii 
nnacTtmecKOtt ;^e<J)opMa^mt. Cymnocxb M3o6perrcHHH: iraroraBmiDaioT A^e nefvansi - Tpy6y h o6onotmy wo 
MaTcpiaanoB c paarawHWM npcACJioM ynpyrocTH. Co6HpaiOT ynoMmryrbie flerajm nyrew ycraHOBKii Tpy6bi b 
oeononKy c 3a3opoM. nocnc cOoprai nnacTHMecKoft f^e^puaum noABcpraioT Acrajiu roroTOBneHHyio m 
Mcrajuia c McnbnmM npcAenoM ynpyrocTH. 2 wi. 



Description (OnHcaHBC H3o6peTcnii5iI: 



ll3o6peTeuue otuocmtch k xojioahoh o6pa6oTKe MeranjioD luiacTMicouiM Ae<|K)pMMpoBaiiMeM h mowct 6biTb 
McnontoooaHO. KanpMMcp. a'^h MorxyrotuicHMn neifaiepoB )j^h i^unttmpoB tnxaHroBWx He4>T«Hbtx Hacocoo. 

W3BecT>eH cnoco6 waroxooncHMyi JitVaicpoo, cor/iaciio KorropoMy TOHKCxrrcHiiaH Tpy6a Dcxao/i^icTcyi b 
o6anoHKy c oaaopoM HI Utmpy HapymiiOH nooqpxiiocTbio Tpy6bi m BH/rpeHHeil noDepxHOCTbio o6onoMiui 
UMeercsi oaoop. 

HeAocTaTKOM npMBc;;eHnoro cnoco6a nonneroi iiajmuMe 3a3opa Mew/Q^ Tpy6oH m o6ojioukom. npMBo;;Hmero 
K cwATKcusm mecxKOCTM /icibiepa. a a ucKOTopbix oiyMaRX, iianpHMep. npw worcrroancuMw mhjimhapob 

ue(i»THHbix HacocoB M3 Ji€MuepoB, 3030? 3HaMHTenbH0 CHMflcaer KauecTBO nocneAyiomeii onepaujiM 
ynpoweHiM BHyrpCHHeft nooepXHOCTw ujuiMH^pa aaoTwpoDaHiiCM. 

M3BCCTCH cnoco6 MaroToaneiowi neiwepoB, connacHO KonropoMy HapyjKHyio noaepxHocTb Tpy6hi vi 
BHyTpcHfflOK) noDcpxHocTb o6ojioxiiaf waroraBJinBaiOT kohjpicckhmh |2| HcflocraTKOM BbnueonncaiiRorx) 
cnoco6a mnnercn ix), mtxj oh cnomHbii* a ocyr^ecxaneHHM. CjiomHocTb npcAcraBrwieT HSPoroaneifiae 
conpHPaeMbiX noaepxHcxrreM 1160 TpeSyercn crporo corjiacoBaxb ofl;iioociioerb KoioraecKow BHyrpeHHeit 
noBepxHocTH 060J10MKH c KoiiMMecKOH napymHOM noeepxHOCTbio Tpy6bi. 

TaK»e M3BecTen cnoco6 iiaroToaneHMH jieMHepoB, corjiacHO KoropoMy nocne c6opKM Tpy6bi c o6QnotocoM c 
iieKOTopbiM 3a3opoM no conp«raeMbiM noeepxHocT^M, jieftHcp noAeepraiOT aBTo4)peqifpoBaHMio (cM.raxi mc 
cTp-38) |3| T. c. nnacTiwecKOH ne^pManyan Tpy6i>i c ucnbio ycTpaHemin aaaopa ueiKfjy Tpy6oH m odonoxiKOH, 
M o^pioDpeMcimoro ynpOMHCHMa Tpy6bi. 

HcAocraTKOM iraeecTiioro cnoco6a iraroToancHWH jic^epoo HBJiHCTcn to, uto npn cKpcnneHUH ncitorepoB 
nocpe^CTBOM luiacTntiecKOM ;;e(J>opMau;MH o;:^noei m3 jicranePL JiewHcpa (oGojiomkm hjih xpyGbi), hc 
yxoTTbieaioTOi MexaHMecme CDoiicTBa McrannoB. hto hc nooBOJiHex o6ecneiiMTb KauecTBeimoro. 
6e33a3opHoro cKperuiCHMH Tpy6bi c o6onotiKOH kqk cjieACTBwe. npHBo^MT k misKoxiy KaMecrey moacjimh b 
UenoM. 

HanpHMep, npn iraroroBneimM ixyaisampoB He4rT5ntt>ix raraHTOBbix nacocoB h3 cKpenncHHbix jieftHcpoB, r^e 
Tpy6a KDroraayiMBaercH m3 BbicoKoncnipoBaHHOM asoTHpycMOM crajiM, a o6Qnowa 113 HMOKoyrnepoAwcTow 
cxanw. M3-3a BbtmeyKaaaHHoro HeAocxaTKa a nponeoce aaoTOpoBaHMH mtningipoB H3 sasopa BbiAen^iOTCH 
ra3bi. npeiiHTCTByioni^c HopMajibHOMy nporcKaHMK) npoi;ccca asoTHpoBaHHH, b pe3ym>TaTc uero pe3Ko 
0o3pacTaeT epcMn asoropOBarow w cHjoKacTcn KayecTBO asoTupoBaHUH noaepxHocTM uwraiHApa » nacoca b 
LxejioM. 

SaAa^eM M3o6pexeHKH SBBumercM pa3pa6oTKa cnoco6a M3roTOBUieHwyi jieitnepoB, o6ccnewBaioiAcro 
KawecTBeuHoe 6c33a3opuoe cocahuchmc Tpy6bi c o6o/iotiKou u noBbimemie HcecTKOCTH nemiepa. 

VKasaHHbift TexHMUccKMii pesy/ibTar AocTiiraeTcw tcm. utpo npn MsroxoBncHMW jicfiHepa, BKJUOHaioinero 
M3ixrroQncHiic Asyx ACTajiew Tpy6bi w o6QjiotiKM w c6opKM mx fxpyr c ppyroM c 3a3opoM, corjiacHo 
ia3o6peTeiiioo nnacnwecKOMy A€<J>opMi5poBanwio noABepraioT pfirrejik,, loroToaacHHyio 113 Mexanjia c 
MCHbtnifM npcA^JioM ynpyrocrw. 

PesyjibTaTOM peirieioi« nocTaHnemiow 3aAaMM rbjihctch to. mto npw bo3ACWCTBMM Ha Acranb, 
w3roTOBncnHyK) m Merajuia c MeHbiuMM rrpeAcnoM ynpyiXMrrw Mepc3 nee mw BOSAeficTBycM iia Acrajib c 
6ojTbiiiHk< npcf\€Jiohd ynpyrt)CTT(f. 

nocnc CHHTMH Harpy3KH B jxs^anvi c MCHbniHM npcACJiOM ynpyrxxrrM ocraioTCW ocTaTOMHbie luiacTWMCCKMe 
Ae4>opMai|MM. a Aerant c 6anbiimM iipcACJioM yiipyixxrrM npwMcr cbow nepootiawajiuibie pasMepbi m 
6c33a3opHO npiuuuReT k conpsTraeMoft noBepxHOCTM ynpyroii Aerarai. 

Ha ^JHT. I M3o6pa>KeH cnoco6 coeAMiicicwi Jiewncpa. b KoropoM o6QnoMKa MoroToejieiia m3 Meraruia c 
MeubimiKi irpcAenoM yirpyrocTn, a Tpy6a wsroTOsncHa k3 MCTarma c 6anbiimM iipcAcnoM ynpyrocrii; ua 
^vtr,2 cnoco6 cocAwiieinui jie^iepa. b KoropoM o6ojiOHKa H3POTOBnciia h3 Meraana c 6QjibinifM npcAenoM 
yiipyrocTii. a Tpy6a naroTOfincHa M3 wcTajuia c MeHbUiUM np^enoM ynpyrocrw. JleiiHcpa wsroTaiinKDaiOT 

cneAyioi^UW^ o6pa30M. 

HepDonaMajiwio voi^TarumiMJOx oGoxiotiKy I. rioc/ie 3aMepa niiyrperaieno AnaMcrpa oGoJioiWM 1 
o6pa6aTbiDaiOT no napy«uiow uuDcpxnocTw Tpy6y 2, oGecrictiMDaH rapanTMpoBaiuibiM 3a3op ki€«Ay 
conpHracMWMM nooepxnocrnMiT. llocjne c6opKH o6ojioiikh I c Tpy6oM 2 Jieftiiep iiocxyiiaeT ua onepaixwio 
cKpcruiemiw. CKpeiuiciiwc ocymccTBjmcrcfi nocpcACTDOM AC<|>opMauHH oaho" m3 cofiparacMbix fifiraneii 
o6aJioMKn 1 wjiM Tpy6bi 2. Ac<J)opMaunio mo»h« iipoooAMTb npn noMomw nwcoKwx Aai«icHMA wwakoctm, 
ra3on. ciu>co6om kodkh. uOKa i KM, Aop"OD2jaui wjim ;;pypiix cnoco6oB. 

llix <|>iii-.l iioKa3aii OAMJi m3 ti03M0>Riibix BapMaiiTcm CKperuicim^i Jieniicpa. o KOTopoM oGojiouKa 1 



jraroTooncHa ira Meranna c MCHbniWM npc^^iow ynpyrocTM. a Tpy6a 2 m3 Mcxajuia c 6anbiroiM np<«cnoM 
ynpyrocTH. B npnBCACHHOM cnynac nnacTMuecKoii Ae+opManMM no;iBeprajOT oOojioMKy 1. ^nH yroro ita 
MeraJUiopemymeM o6opyAOBaHMii, Hanpimep. ropiooHTajibHo-pacTOMHOM craHRC o Bepr^KHofl 6a6Ke 
W3AejiM«. no ocm cxaiiKa ycranannwDaioT o6KanioH wiicTpyMCHT c f\e^opiAvipyioxujxMM pomocaMii 3. B 
CTcGenb cxaHKa ycraHaiinnBaioT orrpafJKy 4. Ha Ko ropow nt)cpcncTrioM lUTwctrra 5 aaKpcnruwT /icMHcp. 

nocjie HacTpoHKM Ae4)opMMpyK>mwx poHMKOB 3 Ha pa3Mep MeHbUje HapymHOPo AwaMcrpa o6ojiottKM (paaiuep 
no Ac^KjpMiipyioinwM poimKaM onpcAemieTCH sKcnepuMCHTanbHo. b 3aBMcwM0CTH or ^MaMerpa jieAHepa. 
Tonmmibi ctchok o6artOMKM 1 h Tpy6bi 2 h MexamwecKMX cbohctb Merajuia) pacKaraoMy WHcrpyMewTy 
coo6maK)T BpaiAarejibMoe abhwchmc V, a jiciiHq>y iiocrynaTCJibHoc S. BbinonHHioT luiacnwccRyio 
AC^pMaumo o6anotatH 1 w ynpyr^ AC<|)opMau]KK> Tpy6bi 2. 

B cBfl3H c paanwwHbiMM MexamwecKMMM cBOMCTnaMM Merajuioe o6ojiohem 1 h Tpy6bi 2 b oSoaoMKC 
npoH3oi5wyT nJiacTHMecKMe j\e^pMaufm, b pesy/ibxaTC mcto HapysHbiA w BHyTpcHHwii Awawcrpbi 
yMCHbrnaTcn. a b Tpy6e 2 npoiooMAyr ynpyme A«})opMauwM, rA€ nocne chhtwh Harpy3RM napaMerpw 
Tpy6bi D03BpaTOTOT B nepBOuauaabUOC nojio»eniie. npM stom. npoM^oMAer 6e33a3opHoe m KauecraeHHoe 
cKpeiuieHMc JieflHepa. 

Ha 4>Hr. 2 ii3o6paxcH oamii h3 BosMowHbix BapMaHTOB cKpcruieHHH /leftHcpoB. d KOTopoM o6QnoHKa 1 
roroToaneHa m3 Meranna c ConbiuHM np^cnoM ynpyrocxM. a Tpy6a 2 m3 Meranna c MCHbuiMM npcAenoM 
ynpyrocTM. 

newHep ycraHaojiMBaioT Ha nponuKHOW cxaHOK c ynopoM b npwcnoco6jieHMe 6 oahmm H3 Topuee. B 
OTBcpcTHc Tpy6w 2 BBOAHT onpaBKy 7, na bbixoa b KOTopyio BoopauMBaKyr AopH 8. Aopn no napy^HOMy 
AMawerpy BbmomeH na pa^Mcp 6oJibuic pasMcpa HHyxpemicro AHaMcrpa Tpy6bi 2. Bc/nrama iiarnra Aopua 
8 B OTDepcTMM Tpy6bi 2. KaK H B npeAWAymeM cjiy^ac. onpewennercH sKciicpuMeHTajibHO. Hpn bkjiiom€hmm 
onpaHKH 7 noAa™ S iipoMODOAaT imacxsraecKyio Ac<lK>pMaiiKiD xpy6bi 2 h ynpyryio Ae+opMau^ro o6onouKM 1, 
npwBOAfni^oc k 6e33a3opnoMy m KauccTBeimoMy cKpenncHHio o6ojioiikh 1 c Tpy6ofi 2, ksk m b npcAbiflyiACM 
cnyvae. 



.A. 



Claims |<I>opMyna iii3o6pcTciiHfll: 



Cnoco6 M3roT0Bneram jicMncpoB. DKjnoMaiomwM MoroToaneinie xpyCbi m o6QnowM. c6opKy mx ppyr c ApyroM 
nyTCM ycraHOBKM Tpy6bi b o6anoiiKy c 3a3opoM w nocuiCAyiomec iLnacriwecKoe Ac<J)opMMpoDaHMC oahom m3 
co6painn>ix A^T^aneii. oTjnroajom^cH tcm, ^rro Tpy6y h o6QJiouKy iisPOTaDJiHBaiOT m MCTajuroB c paanbiM 
npcflcnoM ynpyixx^TO. a luiacriraecKOia Ae^opMauiai noABcpraiOT MC^^^b. M3i^oToa;ieniiyio Ji3 Mcrajuia c 
MCHbonfM npc^cnoM ynpyrocTH. 
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(54) LINER PRODUCTION METHOD 
(57) Abstract: 

Field: Plastic metal working and, in particular, metal working by the cold plastic 
deformation method. Substance of invention: Two parts — a tube and an enclosure — are 
made of materials with different limits of elasticity. These parts are assembled by 
inserting the pipe into the enclosure with a clearance. After their assembly the part made 
of a metal with a lower limit of elasticity is subjected to plastic deformation. 2 dwgs 
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Description: 

The invention relates to cold working of metals by the plastic deformation method and 
can, for instance, be used for the production of liners for oil-well sucker rod pump 
cylinders. 

A liner production method is known, which involves the insertion of a thin-walled tube 
into an enclosure so that there is a clearance between the outer surface of the tube and the 
inner surface of the enclosure (I). 

The drawback to this method is the existence of a clearance between the tube and the 
enclosure, which results in a lower rigidity of the liner, and in some cases, for instance, 
when liners are used in the manufacture of oil-well pump cylinders, this clearance 
considerably impairs the quality of the subsequent operation — the hardening of the inner 
surface of the cylinder by nitriding. 

Another liner production method is known, in which the outer surface of the tube and the 
inner surface of the enclosure are made conical (2). The drawback to this method is that it 
is hard to use. The difficulties associated with using this method are encountered at the 
stage of forming the mating surfaces since it is necessar>' to ensure the alignment of the 
conical inner surface of the enclosure and the conical outer surface of the tube. 

Still another liner production method is known, in which after the tube and the enclosure 
are assembled so that there is a clearance between the mating surfaces the liner is 
subjected to autofretting (ibid, p. 38) (3), i. e., to plastic deformation, for the purpose of 
eliminating the clearance between the tube and the enclosure, and, at the same time, the 
tube is hardened. 

The drawback to this liner production method is that in joining the liner parts by 
subjecting one of them (the enclosure or the tube) to plastic deformation the mechanical 
properties of their metals are not taken into account, which makes it impossible to ensure 
high-quality tight joining of the tube and the enclosure and, in consequence, results in a 
lower product quality. 

For instance, when liners assembled from tubes made of high-alloy nitrided steel and 
enclosures made of low-alloy steel are used in the manufacture of oil-well sucker rod 
pump cylinders the gases emitted while nitriding the cylinders from the clearance 
between the tube and the enclosure due to the above drawback interfere with the normal 
course of the nitriding process with the result that the nitriding time is considerably 
increased and the quality of mtriding the surfaces of the cylinder and the pump as a whole 
is impaired. 

The object of the present invention is to propose a liner production method ensuring 
high-quality tight joining of the tube and the enclosure and a high liner rigidity. 
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This object is achieved as follows. In the liner production process including the 
production of two parts — a tube and an enclosure — and their assembly with a certain 
clearance the part made of a metal with a lower limit of elasticity is subjected to plastic 
deformation. 

In deforming the part with a lower limit of elasticity, the deforming forces are transmitted 
through this part to the part with a higher limit of elasticity. 

When the loads acting on the part with a lower limit of elasticity are relieved it will retain 
residual plastic strains and the part with a higher limit of elasticity will acquire its 
original dimensions and will tightly bear against the mating surface of the other part. 

Fig. 1 illustrates a liner production process, in which the enclosure is made of a metal 
with a lower limit of elasticity and the tube is made of a metal with a higher limit of 
elasticity, and Fig. 2 illustrates a liner production process, in which the enclosure is made 
of a metal with a higher limit of elasticity and the tube is made of a metal with a lower 
limit of elasticity. Liners are manufactured as follows. 

Initially, the enclosure 1 is produced. After measuring the inner diameter of the liner 1, 
the outer surface of the tube 2 is machined to ensure a guaranteed clearance between the 
mating surfaces. After assembling the enclosure 1 and the tube 2, they are joined. This is 
done by defonning one of the mating parts — the enclosure 1 or the tube 2. Its 
deformation can be effected by using high-pressure fluids or gases or by forging, 
spinning, mandreling or other methods. 

Fig. 1 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a lower limit of elasticity and the tube 2 is 
made of a metal with a higher limit of elasticity. In this case, it is the enclosure 1 which is 
subjected to plastic defomiation. To this end, a spinning tool fitted with deforming rolls 3 
is mounted on a metal-cutting device, for instance, it is secured in the swivel workliead of 
a horizontal boring machine. Mandrel 4 is secured in the machine spindle, and a liner is 
mounted on the mandrel and fixed thereto by means of pin 5. 

After adjusting the deforming rolls 3 for a dimension smaller than the outer diameter of 
the enclosure (this is done experimentally according to the liner diameter, thickness of the 
walls of the enclosure 1 and the tube 2 and the mechanical properties of the metals used), 
the spinning tool is imparted a rotary motion V and the liner is imparted a translatory 
motion S with the result that plastic deformation of the enclosure 1 and elastic 
deformation of the tube 2 are effected. 

Due to differences in the mechanical properties of the metals, of which the enclosure 1 
and the tube 2 are made, plastic strains will develop in the enclosure, whereby its outer 
and inner diameters will be reduced and elastic strains will develop in the tube 2 and after 
the load is relieved the tube will acquire its original characteristics, the result being that 
high-quality tight joining of the hner parts will be effected. 
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Fig. 2 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a higher Hmit of elasticity and the tube 2 is 
made of a metal with a lower limit of elasticity. 

The liner is mounted on a broaching machine so that one of the liner ends abuts against 
fixture 6. Mandrel 7 is inserted into the tube 2, and broach 8 is screwed into the end of 
the mandrel. The outer diameter of the broach is one size larger than the inner diameter of 
the tube 2. As in the above case, the interference fit of the broach 8 in the tube 2 is 
determined experimentally. When a feeding motion S is imparted to the mandrel 7, the 
tube 2 is subjected to plastic deformation and enclosure 1 is subjected to elastic 
deformation with the result that, as in the previous case, high-quality tight joining of the 
enclosure 1 and the tube 2 is effected. 
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Claim: 

A liner production method which consists in producing a tube and an enclosure, 
assembling them with a clearance and subsequently subjecting one of the assembled parts 
to plastic deformation and wherein the tube and the enclosure are made of metals with 
different limits of elasticity and the part made of a metal with a lower limit of elasticity is 
subjected to plastic deformation. 



Drawings: 
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Fig. J 
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Fig. 2 
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